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[57] ABSTRACT 


A color cathode ray tube display apparatus particularly 
for use under a wide range of ambient light conditions, 
such as in an aircraft cockpit, wherein each of the pri- 
mary color phosphors has a unique brightness versus 
cathode drive characteristic, which characteristic also 
is dependent upon whether the displayed information is 
raster written or stroke written and wherein such char- 
acteristics also may vary from tube to tube. The output 
of at least one cockpit ambient light sensor in addition to 
a pilot selected brightness is used on a continuous basis 
to calculate a reference brightness level for the sensed 
ambient brightness conditions and display writing 
mode, this reference brightness level being used to cal- 
culate the corresponding brightness level for each of the 
primary color components of the commanded symbo!- 
ogy color and concomitant drive voltages to the CRT’s 
cathode or cathodes. The operation and ambient bright- 
ness calculations are preferably performed by a micro- 
processor and associated personality PROM containing 
the color/brightness characteristics of the particular 
cathode ray tube to which it is dedicated. The computa- 
tions used are preferably logarithmic as is the data 
whereby not only to simplify calculations but more 
importantly to correspond to the normal logarithmic 
reception characteristics of the human eye. 


12 Claims, 6 Drawing Figures 
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COLOR AND BRIGHTNESS TRACKING IN A 
CATHODE RAY TUBE DISPLAY SYSTEM 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 

The present invention relates generally to color cath- 
ode ray tube (CRT) display apparatus and more particu- 
larly to CRT displays used in applications under which 
the ambient light conditions vary over a very wide 
range. One such application is an aircraft cockpit 
wherein the ambient light can vary from direct, high 
altitude sunlight to almost total darkness. High contrast 
enhancement filter techniques of the type disclosed in 
the present assignee’s U.S. Pat. No. 3,946,267 are used 
to maintain the desired contrast ratios under such light 
ambients. More specifically, the present invention re- 
lates to CRT display apparatus; for example a shadow- 
mask type color CRT, for use in such ambient light 
conditions which automatically and independently ad- 
justs the cathode drive voltage of the cathode for each 
of the color phosphors dependent upon each of the 
phosphor’s light emissive characteristic at a variable 
reference brightness and in accordance with the display 
writing technique being used, ie., raster or stroke. In 
addition, the apparatus of the invention may include a 
provision for providing a reference focus of the cathode 
beam for ecah color in accordance with the reference 
brightness. 

2. Description of the Prior Art 

In most prior art CRT display systems, such as for 
example, home and commercial TV’s, where normal 
viewing ambient light conditions do not vary signifi- 
cantly or where if viewing is in high ambient light con- 
ditions mechanical shadesor baffles are used to prevent 
direct sunlight from impinging upon the CRT face, 
essentially fixed predetermined drive voltages for the 
green, red and blue cathodes are used. Thus, any 
changes in the manual brightness setting causes only a 
d.c. shift in the voltages applied to the CRT. To restore 
the proper colors, readjustment of the green, red, and 
blue guns is necessary. Since the adjustments are over a 
relatively narrow range of ambient light conditions, the 
color shift is slight and generally ignored. The auto- 
matic brightness function on commercial TV’s affects 
the drive of all three guns in identically the same man- 
ner and has no features to compensate for color shifts; 
but again the small operating envelope keeps the error 
from being objectionable. 

Thus, known conventional color CRT brightness 
controls, whether automatic, manual or both are unsuit- 
able for use in color CRT’s used to display information 
in an aircraft cockpit environment. 


SUMMARY OF THE INVENTION 


A color cathode ray tube display apparatus of the 
shadow-mask type or other type of multiple color tube, 
such as the beam index tube, particularly adapted for 
use in an aircraft instrument panel, for example, an 
electronic flight instrument, where the display face and 
the pilot’s eyes are subjected to a very wide range of 
ambient light from direct sunlight (e.g., 10+4 foot can- 
dles) to substantially total darkness (e.g., 10-2 foot can- 
dles), preferably includes a dedicated digital micro- 
processor and associated RAM’s and PROM’s which, 
among other CRT related functions, independently 
controls or sets, preferably at a rate no less than the 
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display refresh rate, the brightness of each of the pri- 
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mary colors in accordance with the ambient light condi- 
tions, not only within the cockpit but also the light 
intensity external to the cockpit and to which the pilot’s 
eyes are subjected when he is looking out of the win- 
dows. The microprocessor also controls the CRT’s 
brightness setting in accordance with the specific char- 
acteristics peculiar to the particular CRT with which it 
is associated; e.g., its specific phosphor emittance and 
the CRT face reflectance characteristics. Thus, the 
display brightness and contrast relative to the cockpit 
ambient brightness is maintained substantially constant 
over the entire ambient light intensity spectrum to 
which it and the pilot’s eyes are subjected. Additionally, 
in color CRT displays which are capable of displaying 
information using both raster and stroke writing tech- 
niques, the color brightness and contrast vary signifi- 
cantly dependent upon which writing technique is 
being used. The microprocessor of the present inven- 
tion recognizes these differences and adjusts each color 
intensity accordingly. While the invention is preferably 
implemented using a dedicated digital microprocessor 
and associated memories, it will be recognized by those 
skilled in the CRT display are that discrete digital cir- 
cuit technique and analog circuit techniques may also 
be employed to accomplish the color brightness track- 
ing of the display over the entire ambient light intensity 
range. A further advantage of the invention is that the 
display CRT is driven no harder than necessary thereby 
maximizing the overall life of the CRT. 


BRIEF DESCRIPTION OF THE DRAWINGS 


A preferred embodiment of the present invention is 
illustrated in the attached drawings wherein: 

FIG. 1 is a block diagram of that portion of a CRT 
display unit pertinent to the present invention and illus- 
trating the digital microprocessor controller dedicated 
to the operation of the CRT; 

FIGS. 2a and 2b comprises a flow chart illustrating 
the microprocessor color and brightness control pro- 
gram stored in the controller memory; 

FIGS. 3a and 3b are brightness output vs. cathode 
drive voltage curves for both raster and stroke written 
symbology of a typical shadow-mask type color CRT 
display; 

FIG. 4 is a schematic block diagram of an alternative 
hardware embodiment of the present invention. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENT 


A typical electronic flight instrument system for an 


. aircraft usually comprises two basic units; a display unit 


mounted in the aircraft cockpit and a symbol generator 
unit normally mounted in the aircraft’s electronics bay, 
the former displaying the flight control, flight naviga- 
tion, and annunciation or status information generated 
by the symbol generator. Multiple identical display 
units may ‘be employed each displaying the desired 
flight data, such as a primary flight display (attitude, 
flight director, etc.) and a navigation display (map, 
weather radar, etc.) which may be driven by a single 
symbol generator. Multiple display units (pilot’s and 
copilot’s instruments) may also be driven by dual sym- 
bol generators, suitable switching control panels being 
provided for any desired manual and/or automatic 


‘cross switching between symbol generators and display 


units. Actually, the invention is applicable to any color 
CRT subjected to wide ranges of ambient light condi- 


3 
tions. The display unit of such an overall system is the 
subject of the present invention. More specifically, since 
each of the display units is subject to a very wide range 
of ambient light conditions and since the units are lo- 
cated at different positions in the aircraft panel or cock- 
pit and are therefore subject to different ambient light 
conditions within the overall cockpit ambient, the appa- 
ratus of the present invention automatically adapts the 
pilot’s selected brightness of each display unit to such 
conditions. 

FIG. 1 illustrates those portions of the display unit 
pertinent to the color brightness tracking apparatus of 
the present invention. In general, the display unit com- 
prises a conventional shadow-mask color CRT 10 hav- 
ing a contrast enhancement filter 11, which may be of 
the type disclosed in the above U.S. Pat. No. 3,946,267, 
bonded to its faceplate, such as in the manner taught in 
Applicant’s assignee’s U.S. Pat. No. 4,191,725. It will be 
appreciated that in the interest of clarity and brevity 
unrelated but necessary CRT apparatus such as deflec- 
tion coils and their associated electronics, focus con- 
trols, convergence assembly and controls, power 
supplies and the like having been omitted. It should be 
noted however, that the present invention is applicable 
to other types of color CRT’s such as beam index tubes. 
Conventionally, the shadow-mask CRT includes green, 
red and blue cathodes, not shown, for emitting the three 
electron beams which excite the corresponding green, 
red and blue phosphor triads through the screen aper- 
tures, the filtered output light intensity of each phos- 
phor, in foot lamberts, varying in accordance with the 
voltage applied to each cathode in a determinable man- 
ner, such ratio being referred to as the gamma (‘y) for 
each primary color and which may vary from tube to 
tube. The green, red and blue cathode drive voltages 
are supplied from corresponding video amplifiers 12, 13 
and 14, respectively. 

The basic video drive command is supplied from the 
symbol generator, not shown, through a conventional 
line receiver 15 synchronized with the refresh rate of 
the symbol generator. A typical format for the video 
command from the symbol generator is a four bit digital 
word which can provide for eight different colors (in- 
cluding video blanking as black) and two diffeent com- 
manded intensities per color. Alternatively, the fourth 
bit may be used to substantially double the number of 
different colors which may be commanded. The video 
command is used to address green, red and blue video 
RAMs 16, 17 and 18 via address bus 19, the operation of 
which will be discussed in detail below, the digital 
RAM outputs being converted to analog green, red and 
blue cathode drive voltages through conventional 
DAC’s 20, 21 and 22 to produce the desired or com- 
manded color and intensity of the symbols drawn on the 
tube face by the deflection system. 

It should be pointed out here that the present inven- 
tion is applicable to display systems wherein the symbol 
generator drives two or more separate display units or 
only one display unit. It is also applicable to display 
systems involving one or more displays which are all 
raster written or all stroke written or both raster and 
stroke written. In the dual, raster and stroke written 
display unit system, it is convenient to control system 
timing such that when one display unit is being raster 
written, the other is being stroke written. When a single 
display unit is being used raster and stroke writing may 
be used alternately, e.g., stroke write during raster fly- 
back. Thus, the synch signal illustrated in FIG. 1 may 
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4 
be a stroke/raster command signal as will be further 
described below. 

In accordance with the teachings of the present in- 
vention, the display unit includes a display unit control- 
ler 25 which in turn includes its own dedicated digital 
microprocessor 26. This processor together with per- 
sonality data, contained in a personality PROM 27, 
unique to the display unit’s specific CRT, adapts the 
displayed symbology or informtaion to the pilot at the 
contrast or brightness level he has manualy selected, 
and thereafter automatically adjusts the individual color 
cathode drives to maintain the originally commanded 
color over the entire ambient brightness conditions. ‘The 
microprocessor 26 may be any one of a number of 
readily available microprocessors and in the present 
embodiment may be one of the M6800 series, such as an 
M6802 available from Motorola, Inc., Schaumburg, Il1., 
while the PROM 27 may be any conventional program- 
mable or alterable read only memory such as a voltage 
programmable infrared alterable PROM. As stated the 
personality PROM 27 contains parameters unique to a 
specific CRT and hence a particular CRT assembly is 
designed to include its own PROM as an integral part 
thereof whereby if a display unit CRT assembly re- 
quires replacement no calibration of the new CRT as- 
sembly is required. Although the personality PROM 
may contain a number of parameters dependent upon 
the peculiar characteristics of the CRT to which it is 
tailored, in terms of the present invention, and as will be 
described below, it also includes the tube’s output 
brightness versus cathode drive voltage characteristic 
for each color phosphor and color intensity factors for 
each primary color as well as the reflectance character- 
istics peculiar to the tube’s particular faceplate, filter, 
antireflectance coating, etc. The display unit controller 
25 also includes a scratch pad random access memory 
28 for use by the microprocessor 26 in performing the 
computations to be discussed hereinbelow. 

As is known to those skilled in the CRT art, each 
CRT has characteristics peculiar to itself. One of these 
is its gamma (‘y) characteristic; that is, the brightness, in 
foot lamberts, of the phosphor emission for a given 
voltage applied to the CRT cathode. In shadow-mask 
type CRT’s there are three independent gammas, one 
for each of the three primary color phosphors. Of 
course, the brightness output of the CRT used in deter- 
mining its gamma characteristic must include any ef- 
fects of faceplate filters such as the contrast enhance- 
ment filters above referred to. Also, in order to maintain 
a given color hue or chromaticity over the entire 
brightness range, the relative intensity of each primary 
color component must be varied in accordance with its 
particular gamma characteristic. In addition, it is desir- 
able to vary each color hue component in accordance 
with the variances in color perception by the human 
eye. 

Thus, each CRT of the display system is character- 
ized by measuring the brightness output, including any 
filters, of each of its primary color phosphors for a 
plurality of cathode voltages applied to each color’s 
cathode and if the symbology is to be stroke and raster 
written, separate measurements must be made for each 
writing technique. Conventional optical equipment may 
be used for this purpose and on a production basis the 
curve plotting may be automatic. The result of such 
measurements of a typical CRT is illustrated in FIGS. 
3a and 3d. Note that stroke written symbology is much 
brighter than raster written symbology for the same 
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cathode voltages. This is due to the much slower beam 
deflection rates required to draw stroke written sym- 
bols than that required to draw raster written symbols. 

The brightness versus cathode drive voltage curves 
are analyzed and a number of points on each curve are 
selected, each of which represent the specific drive 
voltage required to produce a corresponding symbol 
color and brightness. Since the human eye responds 
logarithmically, the selected points should be distrib- 
uted logarthmically; that is, the points along the bright- 
ness axis should be closer together at low brightness and 
spread out at higher brightnesses in exponential fashion. 
The number of measured values necessary to accurately 
establish the curve depends on interpolating skill. In one 
embodiment of the invention, as many as eighty points 
on each of the six curves were selected. However, since 
these curves have no sharp discontinuities and are gen- 
erally predictable, the number of points selected may be 
relatively few, for example as few as four, all in accor- 
dance with the desired resolution and size of the digital 
memory. Obviously, if a particular application requires 
only stroke or only raster written symbology, only 
those curves are used. 

After all curve points have been established, the cor- 
responding cathode drive voltages for all three primary 
color components for all commandable colors for both 
stroke and raster writing modes are assembled in six 
color/gain tables and these tables are conventionally 
stored in digitalized format in a suitable digital pro- 
grammable memory, such as PROM 27, each memory 
location corresponding to a desired brightness and con- 
taining the particular cathode voltage drive required to 
produce the desired brightness. In one embodiment 
each table comprised a 1288 memory thereby provid- 
ing 128 stored voltages and allowing 255 voltages using 
a single linear interpolating scheme for producing the 
required color component of the seven colors over the 
entire brightness range. Each memory is addressed in 
accordance with the value of the reference brightness in 
foot lamberts computed by the microprocessor in ac- 
cordance with the. computer program represented by 
the flow chart of FIGS. 2a and 25 to be described be- 
low. Thus a conventional smoothing program subrou- 
tine (not shown) may be provided for effectively per- 
forming an interpolation between successive stored 
points in the curves to reduce the number of actual 
measured points required. 

It will be appreciated from the foregoing that the 
gamma characteristics of the CRT may be determined 
and the piecewise mathematical characteristics of the 
curves determined so as to provide an efficacious inter- 
polation of points along the curves. The points are se- 
lected and the interpolation performed in accordance 
with the determined shape of the curve so as to provide 
the entries in the six color/gain tabes stored in the 
PROM 27. In the embodiment described, a relatively 
small number of points are taken from the gamma char- 
acteristic curves and the piecewise interpolation per- 
formed in accordance with the shapes of the curves to 
provide the 128 entires in each of the tables. Thereafter 
a simple linear interpolation between the stored points is 
utilized to provide the resolution of 255 cathode drive 
voltages across the ambient brightness range of the 
system. 

In accordance with the present invention, the color 
brightness/contrast is automatically maintained at the 
level manually selected by the pilot on the display sys- 
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light conditions experienced in the cockpit of an air- 
craft. The microprocessor is programmed to compute 
the cathode drive voltages required by the specific 
characteristics of the CRT for each of the three cath- 
odes dependent upon the pilot selected brightness as set 
by selector 30, and in accordance with one or more 
ambient light sensors 31 in the cockpit, preferably 
closely adjacent to or built into the bezel of the display 
unit. Alternatively, a further light sensor, 32 preferably 
mounted on the glare shield and subjected to the light 
intensity forward of the aircraft, may be employed: to 
further boost the tube brightness in accordance there- 
with. The purpose of this remote light sensor is to com- 
pensate for the relatively slow response of the pilot’s 
eyes in adapting to the interior cockpit lighting after 
looking out of the cockpit front windshield. In applica- 
tions of the invention involving two companion and 
usually adjacent display units, such as a primary flight 
display unit and a navigation display unit, each having 
its own ambient light sensor, it is desirable that the 
ambient light sensed by each be compared, by conven- 
tional means not shown, and the greatest of these inputs 
be used to adjust the brightness of both display units so 
that the brightness of both units is always the same. 
Thus, the pilot selected brightness signal generated as 
an analog voltage by selector 30, the cockpit light sen- 
sor signal generated as an analog voltage by, for exam- 
ple, an optical diode associated with sensor 31 and the 
glare shield sensor signal generated as an analog signal 
by an optic diode associated with sensor 32 are all sup- 
plied to a conventional analog selector or multiplexer 
33. Each of these signals is called up by the micro- 
processor brightness control program through conven- 
tional latches 34 responsive to program decoder 35 as 
they are required. Each analog input signal is converted 
to digital signal format by A/D converter 36 which 
signal is supplied to microprocessor data bus 37, all 
using conventional and well known digital techniques. 
As stated above, the display controller 25 with its 
dedicated microprocessor 26 manages the video pro- 
cessing circuitry and guarantees precise chromaticity 
for all colors throughout the entire range of display unit 
brightness levels. also, as stated above, the symbol gen- 
erator sends to the line receivers 15 a four bit command 
word comprising three bits of color and one bit of inten- 
sity information to thereby provide a command for any 
one of seven distinct colors in addition to black (blanked _ 
video) plus two levels of intensity for each color. The 
command word is used to address the video RAMS 16, 
17 and 18 via video address bus 19 either singly or in 
combinations of two or three to produce all seven dis- 
tinct colors at either of the two desired levels of inten- 
sity. In one raster/stroke embodiment of the invention, 
each video RAM comprises 128 memory bits, organized 
in a 16X8 RAM, each of these RAMS being time 
shared between raster and stroke writing modes in ac- 
cordance with the symbol generator sync signal operat- 
ing through the display controller 25. Each of of the 
video RAMS is loaded by the controller 25 with digital 
data representing all the cathode modulation voltages 
required to produce all seven colors, each at the two 
intensities commanded by the symbol generator, at in- 
tensity levels dependent upon the ambient light condi- 
tions existing in the cockpit. The RAM address bus 19 
selects the three voltages required to produce the color 
and intensity commanded by the symbol generator. The 
display controller 25 is programmed so as to monitor 
the pilot’s brightness selector and track the cockpit 
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7 
ambient light sensors and to automatically update the 
contents of the video RAMS to assure that each of the 
cathode drive voltages are such as to maintain precise 
chromaticity of the commanded colors over the entire 
range of display brightness levels. 

The microprocessor program or brightness computa- 
tion flow chart for accomplishing this is illustrated in 
FIGS. 2a and 28. In general, the program governs the 
computations performed by the processor for varying 
the contents of the video RAMS in accordance with the 
existing and changing ambient light conditions in the 
cockpit. The program which may be stored in PROM 
27 or in a separate program ROM runs on its own clock 
and is independent of the symbol generator timing. Its 
execution time is very short, i.e., on the order of two 
milliseconds, compared to the display refresh rate 
which may be on the order of eighty frames per second. 
The symbol generator sync signals (in a raster/stroke 
system this may be a raster/stroke command) is used to 
produce through control 40 an update signal or pro- 
gram interrupt signal which freezes the then addressed 
brightness (cathode drive voltage) data in the PROM 
gain tables and through conventional latches transfers 
this existing brightness data to the video RAMS thereby 
updating the RAMS to provide the cathode voltages 
required for the existing cockpit brightness conditions. 
After video updating, the update is reset and the micro- 
processor 26 continues to execute its program. Thus it is 
appreciated that the sync signals from the symbol gen- 
erator via the update signal from the control 40 causes 
the controller 25 to provide video information to the 
video RAMS with respect to generating the current 
frame on the CRT 10. 

As explained above, the human eye responds to 
brightness in a logarithmic fashion. At dim ambient 
light levels the eye can resolve smaller brightness 
changes than at high ambient light levels. Thus in the 
system of the present invention greater brightness reso- 
lution is utilized at low ambient brightness levels that at 
high levels. This logarithmic response of the human eye 
results in implementation simplifications in the herein 
described embodiments of the invention. The color/- 
gain tables stored in the PROM 27 are stored as a loga- 
rithmic distribution of values and the intensity factor 
tables to be fully described hereinbelow storing the 
intensity factors Kj, are stored as log K,. The input 
signals from light sensors and potentiometers are con- 
verted into logarithmic values by conventional table 
look-up techniques. Thereafter all of the multiplications 
required in deriving the cathode drive voltages are 
performed by the addition of logarithmic values and 
divisions by utilizing subtraction. Since multiplication 
and division are generally time consuming operations 
requiring relatively complex hardware implementa- 
tions, the logarithmic basis of the system results in faster 
and simpler apparatus. Thus in the flow charts of FIGS. 
2a and 20 and in the equivalent hardware embodiment 
of FIG. 4, the multiplications and divisions as well as 
the squaring operations illustrated are performed by 
additions and subtractions of logarithms. as will be ex- 
plained in further detail. 

Referring to FIGS. 2a and 26, the program flow 
charge is illustrated and is generally self-explanatory. 
The program starts with the sampling of the cockpit 
light sensor voltage A, A/D converted and latched 
onto the processor data bus. This signal is converted to 
a logarithmic value (log A) in terms of foot candles 
using well known table “look-up” techniques. Since the 
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light falling on the sensor also falls on the display tube 
face, the latter’s reflectance characteristic R should be 
included in the display brightness calculations. The 
value of R is a constant for a particular CRT and face- 
plate including any filter and is stored as a constant as a 
logarithmic value in the PROM 27. The program then 
calls for a multiplication of these terms through adding 
their logs, the resultant being the background bright- 
ness RA, i.e., the internal cockpit ambient light intensity 
in foot candles. The nominal brightness ratio B, is then 
calculated through an expression for the contrast ratio, 
CR=(B,+RA)/RA. The desired contrast ratio CR is 
determined by the setting of the pilot’s brightness con- 
troller 30. In thoser embodiments of the invention 
which include the pilot’s separate control of the bright- 
ness of raster written symbology and stroke written 
symbology, the brightness controller 30 comprises sepa- 
rate knob-positioned potentioneters. The program rec- 
ognizes whether stroke or raster symbology is being 
commanded through the sync signal and which potenti- 
ometer has been activated and accordingly sets a 
“stroke flag” which determines which of the brightness 
tables derived from curves of FIGS. 3a and 36 will be 
addressed when called for by the program. The pro- 
gram calls up the potentiometer signal V, converts it to 
log V and multiplies (adds) by a constant factor K2 
stored as a log value in memory, the constant K2 scaling 
the product to read directly in foot lamberts. At low 
ambient light levels, the contrast ratio CR potentially is 
very large while at high ambients it is low. Therefore, 
under low ambient conditions the display brightness 
should be based on absolute brightness and at higher 
ambients it should be based on contrast ratio. To com- 
pute this nominal brightness the potentiometer signal is 
“squared” (log V is added to log V) and multiplied by a 
constant K to convert the result to foot lamberts (log 
Ky added to 2 log V). It will be appreciated that func- 
tions of the pilot’s brightness control other than squar- 
ing may be utilized in accordance with desired results. 
The program compares the two values of nominal 
brightness and selects the maximum, which value is 
used in the remainder of the programmed computations. 
Thus, it will be noted that at high ambients the bright- 
ness of the displayed symbology is controlled primarily 
in accordance with the ambient light sensor signal as 
modified by CRT reflectance characteristics and a de- 
sired contrast ratio, while at lower ambients, the bright- 
ness of the displayed symbology is controlled primarily 
in accordance with a nominal brightness set by the pilot. 

As stated earlier, a remote light sensor 32 preferably 
mounted on the cockpit glare shield looks out the front 
windshield and hence provides a measure of the sky 
brightness to which the pilot’s eyes are subjected when 
he is looking outside the cockpit. Since the iris of the 
human eye is quite slow in responding to abrupt 
changes in light intensities, such as when the pilot is 
looking out the windshield and then looks at his instru- 
ment display, the program has been provided with 
means for compensating for this physiological charac- 
teristic by calculating a brightness boost factor M. This 
compensation is most valuable when the outside bright- 
ness is substantially greater than the inside brightness. 
Because the internal light sensor adjusts the display 
brightness for internal light conditions, the display 
brightness may not be sufficient for the pilot to immedi- 
ately respond thereto and therefore the display bright- 
ness level should be boosted. The program calls up the 
remote light sensor signal Ar, converts Ar to log Ar, 
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and determines the ratio thereof with the nominal (in- 
ternal) brightness B, by subtraction of logs. If the value 


of this ratio is less than some predetermined value, de- . 


pendent at least in part upon the eye’s physiology, a first 
relatively low value, substantially constant boost factor 
is provided (at the lower exterior brightness the boost 
factor may remain constant); if greater than predeter- 
mined ARr/Bp value, a second boost factor is provided 
which varies, i.e., increases, substantially linearly from 
the predetermined constant value to a predetermined 
maximum value in accordance with increases in exterior 
light conditions. The boost factor M is converted to log 
M. The nominal brightness B, and boost factor M are 
multiplied, their logs added, to provide the basic refer- 
ence brightness Brer for the display system. 

After the reference brightness for the existing ambi- 
ent cockpit lighting has been calculated, the program 
determines whether or not the stroke flag has been set. 
If not, i.e., raster symbology is being commanded and 
the raster intensity factor tables and the raster color/- 
gain tables for the three primary colors are utilized in 
the ensuing computations. If the stroke flag has been set, 
the stroke tables are utilized. 

Since the brightness of a display symbol on the CRT 
screen is a function of electron beam spot size which in 
turn is a function of the cathode drive, it is usually 
necessary to adjust the electron beam focus in accor- 
dance with the reference brightness. The reference 
brightness signal is therefore used to calculate a refer- 
ence focus signal, such calculation being based on the 
particular CRT’s focus polynomial coefficients which 
are stored in the tube’s personality PROM. The result- 
ing reference focus signal is used to address a focus 
voltage table, also stored in PROM to provide predeter- 
mined focus voltages, which effectively defocus the 
electron beam for substantially eliminating any moiré 
and roping effects produced by interaction between the 
beam width or spot size and the spacing of the shadow- 
mask apertures, all as taught in Applicants’ assignee’s 
copending application Ser. No. 306,452, filed 9-28-81 
entitled “Focus Control Apparatus for Shadow-Mask 
Type Color CRT’s”. 

As stated above, in the embodiment of the present 
invention being discussed, raster and stroke written 
symbols in seven different but predetermined colors are 
provided, in addition to black. Each color of course is 
composed of one, two or three components of the pri- 
mary colors green, red or blue and each of the colors 
being predetermined by the relative intensities of each 
of its primary components. Also, these relative intensi- 
ties take into consideration the variances in perception 
of the human eye in perceiving different colors. Since 
these relative intensities vary from tube to tube, their 
respective values K; are stored as constants in the per- 
sonality PROM. Thus, the program next addresses the 
PROM for the required constants (stored as logs) which 
are multiplied by the reference brightness Brer factor 
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to provide the individual brightness levels B; for each - 


green, red or blue components of each of the com- 
manded colors. These values of B; are therefore used to 
address the color gain tables described above. 
It will be recalled that each gain table includes data 
representing discrete cathode drive voltages required to 
produce the required color component of each of the 
seven colors over the entire ambient brightness range. 
These voltages are represented by corresponding log 
values. Now that the ambient brightness level B; for 
each color component has been computed, this value of 
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B; is used to address the color gain tables to derive 
signals representing the cathode drive voltages required 
to produce each of the color components at the inten- 
sity level compatible with the existing ambient bright- 
ness. These log signals are conventionally converted to 
digital signals representing the actual required cathode 
voltages. The program finally loads these voltages into 
the video RAMS which are addressed by the color 
command of the symbol generator as above described. 

Specifically, when the “stroke flag” of FIG. 2a is set 
for either stroke or raster, appropriate signals are set 
which will establish a program flow utilizing either the 
stroke tables or the raster tables in accordance with the 
setting of the flag. FIG. 26 illustrates the raster intensity 
factor table as well as the green, red and blue raster 
color/gain tables which are utilized when the “stroke 
flag” indicates raster. Additionally, FIG. 26 illustrates 
the stroke intensity factor table as well as the green, red 
and blue stroke color/gain tables utilized when the 
“stroke flag” indicates the stroke mode. Each of the 
raster and stroke intensity factor tables is, in fact, com- 
prised of three tables, one for each of the primary col- 
ors. Thus, each of the intensity factor tables comprises a 
green intensity factor table, a red intensity factor table 
and a blue intensity factor table. In the present embodi- 
ment of the invention where a four bit word from the 
symbol generator selects one of 16 possible colors (or 
specifically as in the present embodiment eight colors, 
each with two intensities), each primary color intensity 
factor table stores 16 K; values, one for each of the 
selectable colors. The K; values are, in fact, stored as 
logarithmic values for the reasons discussed above. 
Thus for each of the 16 colors that the system of the 
present invention is capable of displaying, there are 
three K; values stored in the respective green, red and 
blue intensity factor tables for each of the raster and 
stroke modes. These three K; values for each color are 
in such proportion with respect to each other that the 
desired color is created from the three primary colors. 
Additionally, the K/s are established whereby different 
colors commanded by the symbol generator at the same 
commanded intensity appear equally as bright for the 
same reference brightness Brezr. In this manner the K;’s 
may be chosen to compensate for the variances in ap- 
parent brightness perceived by the human eye for dif- 
ferent colors at the same actual brightness (luminance). 

As discussed above, the PROM 27 includes the green, 
red and blue color gain tables for each of the raster and 
stroke modes, the appropriate set of tables being utilized 
in accordance with the setting of the “stroke flag”. In 
operation during each iteration the program calls up 
each of the 16 intensity factors K; for each of the pri- 
mary colors multiplying each K; by the reference 
brightness Brer to provide a final reference brightness 
B;. Each of these 16 B/s computed in turn for each of 
the primary colors is utilized to address the associated 
color/gain table for the primary color to obtain the 
cathode drive f(B,) corresponding thereto.. Each of 
these 16 cathode drive signals for each of the primary 
colors are stored in the associated video RAM for the 
primary color. Each of the 16 values for green, red and 
blue are computed, each iteration in accordance with 
the reference brightness Brer provided as illustrated in 
FIG. 2¢. Thus during each iteration the appropriate 
green, red and blue cathode drives for all of the 16 
colors that may be commanded by the symbol genera- 
tor are stored in the video RAMs for appropriately 
energizing the three color cathodes. 
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The above described embodiment of the invention 
was explained in terms of a microprocessor with the 
control program described above with respect to flow 
charts of FIGS. 2a and 2b. The computer architecture 
illustrated in FIG. 1 is conventional and well known to 
those skilled in the art. Alternatively, the described 
functions may be implemented utilizing dedicated digi- 
tal logic or analog circuitry. 

Referring now to FIG. 4 in which like reference 
numerals indicate like components with respect to FIG. 
1, a hardware embodiment of the present invention is 
illustrated, the blocks thereof being implemented by any 
convenient circuitry. It will be appreciated in a manner 
similar to that described above with respect to FIGS. 2a 
and 2b that, preferably, input signals are converted to 
logarithmic values by, for example, conventional table 
look-up techniques, stored values are stored in logarith- 
mic fashion and multiplication and division are per- 
formed by the addition and subtraction of logarithmic 
values respectively. The ambient light intensity A from 
the cockpit light sensors 31 and the CRT reflectance 
value R stored at 50 are combined in block 51 to pro- 
vide the value RA. The pilot set brightness control 
potentiometers 30 provide the output V which is the 
value from the stroke potentiometer or the raster poten- 
tiometer as selected by the SYNC signal. The signal V 
is multiplied by the constant K2 in the block 52 to form 
the quantity (CR-1). The nominal brightness B, is pro- 
vided in the block 53 by forming K;V2. The contrast 
ratio signal from the block 52 is applied to a block 54 to 
be combined with the signal RA to form the nominal 
brightness B, based on contrast ratio. The values of By 
from the blocks 53 and 54 are applied to a maximum 
value selector 55 which selects the maximum Boy. The 
output of the maximum value selector 55 is applied as an 
input to a block 56 which is also responsive to the out- 
put of the remote light sensor 32. The block 56 provides 
the brightness ratio Ar/By to a block 57 wherein the 
boost factor M is computed in the manner described 
above. The maximum nominal brightness By and the 
boost factor M are combined in a block 58 to provide 
the reference brightness Brer. 

The reference brightness Brer is applied to a block 
59 wherein it is combined with a sequence of K; inten- 
sity factors to provide a sequence of final reference 
brightness values B;. In accordance with the operative 
mode of the system either a raster signal is applied to the 
leads 60 to enable the raster tables or a stroke signal is 
applied to the leads 61 to enable the stroke tables. The 
apparatus includes green, red and blue raster intensity 
factor tables 62 as well as green, red and blue stroke 
intensity factor tables 63. These tables are configured in 
the manner described above with respect to FIGS. 2a 
and 2b, The apparatus also includes green, red and blue 
raster color/gain tables 64, 65, and 66 respectively as 
well as green, red and blue stroke color/gain tables 67, 
68 and 69 respectively. When raster data is to be written 
the signal on the lead 60 enables the raster tables 62, 64, 
65 and 66. When stroke data is to be written, the signal 
on the lead 61 enables the stroke tables 63, 67, 68 and 69. 

When, for example, raster data is to be written, each 
green, red and blue K; factor from the block 62 is ap- 
plied to the block 59 wherein the corresponding B; 
value is generated and routed to the appropriate one of 
the primary color tables 64, 65 and 66. Thus the 16 B; 
values generated from the 16 green K; values address 
the green color/gain table 64 to provide the corre- 
sponding cathode drive voltages. The red and blue 
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cathode voltages for raster are generated in a similar 
manner. Similarly when stroke is called for, the green, 
red and blue cathode voltages are provided by activat- 
ing tables 63,.67, 68 and 69. The outputs of the green 
raster table 64 and the green stroke table 67 are pro- 
vided through an OR gate 70 to the green video RAM 
16. In a similar manner, OR gates 71 and 72 provide the 
video data from the red and blue color/gain tables to 
the respective red and blue video RAMS. 
Although the above described apparatus. was ex- 
plained in terms of sequential generation of the cathode 
drive voltages for the three primary colors, it is appreci- 
ated that parallel circuits may be utilized to provide the 
green, red, and blue components for each of the 16 
selected colors simultaneously. 
While the invention has been described in its pre- 
ferred embodiments, it is to be understood that the 
words which have been used are words of description 
rather than limitation and that changes may be made 
within the purview of the appended claims without 
departing from the true scope and spirit of the invention 
in its broader aspects. 
We claim: 
1. Color and brightness tracking control apparatus for 
a color cathode ray tube display instrument system 
subjected to viewing under a wide range of ambient 
light conditions comprising 
(a) a cathode ray tube having a display screen for 
emitting images in a plurality of different colors 
dependent upon the independent and variable ener- 
gization of cathode means for producing at least 
two independent primary colors the relative 
brightnesses of which determine said plurality of 
colors, 
(b) video command means for commanding at least 
one image to be displayed in at least one predeter- 
mined color comprised of components of said two 
primary colors at the required relative brightness 
levels, 
(c) ambient light sensor means for providing a signal 
corresponding to the range between the extremes 
of ambient light conditions existing in the vicinity 
of said display instrument, 
(d) computer means including 
(i) memory means containing data representing the 
independent cathode energizations required to 
produce each of said primary color component 
relative brightnesses over said range of ambient 
light conditions, and 

(ii) processor means responsive at least in part to 
said light sensor means for continuously comput- 
ing a reference display brightness and for deriv- 
ing from said memory means cathode energiza- 
tion data required to produce said two primary 
color component relative brightnesses at the 
existing ambient light conditions, and 

(e) means responsive to said video command means 
and said derived cathode energization data for 
energizing said cathode means to thereby produce 
said predetermined color image at the existing am- 
bient light conditions. 

2. The apparatus of claim 1 in which said computer 

means comprises digital computer means. 

3. The apparatus as set forth in claim 1 further includ- 
ing 

(a) manual brightness control means for supplying a 
signal corresponding to a desired display bright- 
ness, and 
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(b) means for supplying said desired brightness signal 
to said processor means for computing said refer- 
ence brightness as a function of both said ambient 
light sensor signal and said manually controlled 
brightness signal. 

4. The apparatus as set forth in claim 3 wherein said 
computed reference display brightness is based primar- 
ily on said light sensor signal for relatively high ambient 
light conditions and is based primarily on said manual 
control brightness signal for relatively low ambient 
light conditions. 

5. The apparatus as set forth in claim 1 wherein said 
display system is installed in an aircraft cockpit, said 
system further comprising remote light sensor means 
responsive to the lighting conditions exteriorly of said 
aircraft cockpit and for supplying a signal in accordance 
therewith, and means for supplying said last mentioned 
signal to said processor means for computing a refer- 
ence brightness boost factor as a function of said ambi- 
ent light sensor signal and said remote light sensor sig- 
nal. 

6. The apparatus as set forth in claim 1 wherein said 
video command means commands a predetermined 
color for each of at least two images, one stroke written 
and one raster written, 

(a) wherein said memory means further includes data 
representing the cathode energization required to 
produce each of said primary color component 
brightnesses for each image over said range of 
ambient light conditions, 

(b) wherein said processor means further includes 
means responsive at least in part to said light sensor 
means for continuously and independently comput- 
ing a reference display brightness for each of said 
images and for deriving from said memory means 
cathode energization data required to produce said 
primary color component brightnesses for each of 
said images at the existing ambient light conditions, 
and 

(c) wherein said video command responsive means 
further includes means for deriving the cathode 
energization data for energizing said cathode 
means to thereby produce said predetermined col- 
ors for each of said images at the existing ambient 
light conditions. 

7. The apparatus as set forth in claim 1 wherein said 

cathode energization means comprises 

(a) further memory means responsive to said proces- 
sor means for receiving from said processor means 
said derived cathode energization data required to 
produce said primary color component bright- 
nesses at said reference ambient brightness, and 

(b) wherein said video command means addresses 
said further memory means for extracting said rela- 
tive cathode energizations. 

8. The apparatus as set forth in claim 7 wherein said 
first mentioned memory means comprises a program- 
mable read only memory and wherein said further 
memory means comprises a random access memory 
means. 

9. The apparatus as set forth in claim 1 wherein said 
memory means contains 

(i) intensity factors for each of said plurality of colors, 
the intensity factors for a color being associated 
respectively with said independent primary colors 
and proportioned with respect to each other in 
accordance with the relative brightnesses of said 
primary colors to produce said color, and 
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ii): brightness versus cathode energization data for 
each said primary color in accordance with the 
“gamma characteristics of said cathode ray tube, 
and 
wherein said processor means is responsive to said 
intensity factors and to said reference display 
brightness for deriving therefrom reference bright- 
ness addresses and for addressing said gamma char- 
acteristic data therewith for providing said cathode 
energization data. _ 
10. The apparatus as set forth in claim 2 wherein said 
digital computer means includes means for converting 
said signal from said light sensor means into an equiva- 
lent logarithmic signal, 
said data contained in said memory means is stored in 
logarithmic format, and 
said processor means includes means for computing 
said reference display brightness and for deriving 
said cathode energization data by linear combina- 
tions of logarithmic values. 
11. Color and brightness tracking control apparatus 
for a color cathode ray tube display instrument system 
subjected to viewing under a wide range of ambient 
light conditions comprising 
(a) a cathode ray tube having a display screen for 
emitting images in a plurality of different colors 
dependent upon the individual and variable energi- 
zation of cathode means for producing at least 
three individual primary colors the relative bright- 
nesses of which determine said plurality of colors, 
(b) video command means for commanding a prede- 
termined plurality of colors in which a plurality of 
images are to be displayed, each of said colors 
comprising a plurality of predetermined compo- 
nents of said primary colors at predetermined rela- 
tive brightness levels, 
(c) ambient light sensor means for providing a signal 
which varies in accordance with the extremes of 
ambient light intensities existing in the vicinity of 
said display instrument, 
(d) digital computer means including 
(i) memory means containing data representing the 
individual cathode energization required to pro- 
duce each of said primary color component rela- 
tive brightness levels required to produce each 
of said predetermined plurality of colors over 
said range of ambient light intensity conditions, 
and 

(ii) processor means responsive at least in part to 
said light sensor means for continuously comput- 
ing a reference display brightness dependent 
upon the existing ambient light intensity condi- 
tions and for deriving from said memory means 
the cathode energization data required to pro- 
duce each of said predetermined plurality of 
colors at the existing ambient light intensity con- 
ditions, and 

(e) means responsive to said video command means 
and said derived cathode energization. data for 
energizing said cathode means to thereby produce 
said predetermined plurality of color images at the 
existing ambient light intensity conditions. 

12. A method of operating a color cathode ray tube 
(CRT) display instrument, which is viewable under a 
wide range of ambient light conditions, with the aid of 
a digital computer, comprising 

(a) providing said computer with a stored data base 
peculiar to said CRT display including at least a 
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plurality of cathode drive excitations required :to 
produce a corresponding plurality of brightnesses 
of each of the CRT’s primary color emissions, 

(b) constantly measuring the ambient light conditions 
in the vicinity of said display, 

(c) constantly providing the computer with said am- 
bient light measure, 

(d) repetitively calculating in the computer at a rate 
substantially greater than the refresh rate of said 
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CRT display, a reference display brightness com- 
patible with said ambient light conditions, and 
(e) repetitively extracting from said data base at said 
calculation rate a cathode drive excitation corre- 
sponding to the brightness of each color compo- 
nent emission for the existing ambient light condi- 


tions. 
* * * * * 


